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FIG. 3

1E0%

300

0% -

0% -

A0% -

A

Ao wrentment 585 tameting primes




U.S. Patent Aug. 30, 2016 Sheet 4 of 11 US 9,428,794 B2

BAQEE greeermremrn e et ettt

Puecentaf Mo Treatment (%)




U.S. Patent Aug. 30, 2016 Sheet 5 of 11 US 9,428,794 B2

FIG.5

RNA input

200000000000

166.00% |

146.00%

12.00% AAAAAA

100,600

% of Untreated




U.S. Patent Aug. 30, 2016 Sheet 6 of 11 US 9,428,794 B2

FIG. 6




U.S. Patent Aug. 30, 2016 Sheet 7 of 11 US 9,428,794 B2

Fig. 7
5si /SBiosg/gptattcecaggeggtctcccatccaagia (SEQ 1D NO:GL)
5.8s1 /5BRinsg/cacgageegagtgatecacegetasgagtc(SEQ 1D NO:0O2)
5.8s52 /5Biosg/teacattaaticicgragetagatgegtic{SEQ 10 NO:G3)
5.8s3 /5Biosg/aagtgcsticgaagtgicgatgatcaatgt(SEQ 1D NO:04)
5.854 /SBiosg/gttccteccggegetacgectgictgageg{SEQ 1D NG:05)
18s1 /SBiosg/gcatatgctactggcaggatcaaccaggta{ SEQ 1D NO:06)
18s2 /[SBiosg/cgigegtacteagacatgcatgactiaate(SEQ 1D NO:OT)
1883 /5Biosg/aactgatitaatpagecaticgcagtitca(SEQ 1D NO:08)
1854 /[BBiosg/tiatccaagtaggagaggagcgagegaccalSEQ 1D NO:09)
1855 /SBiosg/cagegccceteggcatgtatiagetctag{SEQ 1D NO:1G)
18s6 /SBiosg/tigatctgataaatgeacgrateccooccg(SEQ 1D NOG:11)
1857 /5Biosg/CCCGGGGCCGGAGAGCGGCTGACCGGGTTG(SEQ D NO:12}
18s8 /5Biosg/geccgaggttatctagagtcaccazagecg{SEQ 1D ND:13)
1859 /5Biosg/gttcgaatgggtegtegeegecacgegegg(SEQ 1D NO:14)
18510 /SBiosg/gtaggcacggegactacoategaaagttza(SEQ 1D NO:15)
18sil /SBiosg/epaatcgaaccctgaticecegtcaccegt{SEQ 1D NO:16)
18512 /BBiosg/cticctigpatgtegtageoetitcicagg{SEQ ID NO:1LT)
18513 /5Biosg/cctecccgggtogggagigggtaatitgeg{SEQ 1D NO:18)
18514 /5Biosg/gegcctegaaagagtectglatigitattt{SEQ ID NO:19)
18515 /SBiosg/tecicgtiaaaggatitaaagiggactcat{SEQ D NO:20)
18516 /5Biosg/AGCTGGAATTACCGCGGCTGCTGGCACCAGISEQ D NO:21)
18517 /SRiosg/tttaactpeageaactitaatatacectatiSEQ 1D NO:22)
18s18 /5Biosg/geggacegecegeccgeteccaagaiceaa(SEQ ID NO:23)
18518 /5Riosg/gagaggcangepgcgeggacgsecgetpgc{SEQ ID NO:24)
18520 /SBiosg/geeccgegegacacicagetaagageatcg(SEQ D NO:25)
18s21 /SBiosg/tgctitgaacacictaatittitcaaagta(SEQ 1D NO:28)
18522 /SBiosg/ticeattationtagetgeggtatoeagga(SEQ ID NO:27)
1823 [5Riosg/ccteagtincganaaccaacasaatagaac(SEQ 1D NO:28)
18524 /5Biosg/gegcaatacgaatgeecceggecgteccte{SEQ 1D NO:29)
18525 [BBiosg/tggtecgtcttgegecgatecaagaatite{SEQ 1D NO:30)
18s26 /5Biosg/TAATGAAAACATTCTTGGCAAATGCTTTCGISEQ ID NO:31)
18527 /SBiosg/tacgacggtatcigategtcitegaacctic{SEQ ID NO:32)
18628 /BBinsg/tacgacggtatcigategicitcgaaccto{SEQ 1D NO:33)
18529 /5Biosg/cgocgecgeatcgecggicggcategtttalSEQ 1D NO:34)
18530 /5Biosg/TTTGCAACCATACTCCCCCCGGAACCCAAAISED 1D NO:35)
18531 /SBiosg/getccactoctggigetacccttocgicaalSEQ 1D NO:36)
18532 /SBiosg/ccgaptpaggtitcecptptigagtcaaat{SEQ 1D NO:37)
1833 /SBiosg/agaaagagctatcaatctglcaatoctgic{SEQ 1D NO:38)
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FIG. 7 (cont'd)

18s34 /SBiosg/accaactaagaacggecatgeaccaccacc{SEQ 1D NO:33)

18535 /SBiosg/agtctegticgttateggaattaaccagaciSEQ D NO:4G)

18536 /5Biosg/geogaccgetcgggagtcecgtaactagtt{SEQ 1D NO:41)

18537 /5Biosg/ptggctgaacgecactigicccictaagaalSEQ 1D NG:4 7}

18538 /5Biosg/catetaagggcatcacagacctgttattge{SEQ 1D NO:43)

18539 /5Biosg/cacgrigagecagtcagtatagegeacete(SEQ 1D NO:44)

18540 /SBiosg/ettcaacgggttacecgegectgeeggegt{SEQ 1D N(O:45)

18541 /SBiosg/tgggraataatigeaateccegateencat{SEQ 1D NG:46)

18342 /5Biosg/gcaagetiatgaccegeacttactgggaat{SEQ 1D NO:47)

18543 /SBiosg/gcpacggacegtpgigtacaaagggcagegalSEQ iD NO:48)

18544 /SBiosg/gecgatecgagggectcactaaaccateca{SEQ 10 NG4S

18545 /SBiosg/tctcagegetecgeragggecgtgrgeega{SEQ iD NO:50}

18546 /5Biosg/CCTTGTTACGACTTTTACTTCCTCTAGATAISEQ 1D NO:S)
18547 /5Biosg/taatgatecttccgeagettcacctacgg(SEQ 1D NO:52)

2851 /5Biosg/goagetegecacgtctgatcigagategeg{SEQ 1D NO:53)

2852 /5Biosg/ttagtttctictectecgetgactaatatg{SEQ 1D NO:54}

28s3 /SBiosg/gctcttecctgticactegecpttactgag (SEQ 1D NO:S5)

28s4 /5Biosg/GCGCCCLGCCGCEGEECEEGEGATICGGCGSEQ 1D NO:5E)
2855 /5Biosg/recacgageggegceggrgagegggtotic{SEQ 1D NO:57)

2856 /5Biosg/ceglecacgggetggeccicgatcagasge{3EQ ID NO:SE)

28s7 /5Biosg/CCCGGLGLGLCCEGGEOCGCTACCGGCOTC{SEQ iD NO59)
2858 /5Biosg/cgctitgggetgcaticecaageaaccegal{SEQ D NOWB0)

28s9 /SBiosg/etctegtgecggtattiagecitagatgga{SEQ 1D NO:B1)

28510 /SBiosg/TCAACTTTCCCTTACGGTACTTGTTGACTA(SEQ 1D NO:61)
728511 /5Biosg/ctcttaacggittcacgecctettgaacte(SEQ ID NO:63)

28512 /SBiosg/tgaatcctecgggeggactgegeggaceec{SEQ ID NO:64}

28513 /5Biosg/GGGCCGCCEACACGGCCGGACCCGCCHICG{SEQ 1D NGS5}
28s14 /SBilosg/epgcegptggagegptcggeagnaacegeg{SEQID NO:6H}

28515 /5Binsg/AGCCCGCCOCCTCCGGGGAGGAGCAGGAGG{SEQ D NO:6T)
28516 /5Biosg/ceggeccegeccgeccacceecgeaccegai{SEQ 1D NOEs)

28517 /5Biosg/cgatcgecggteggagaacggtocceegcc{SEQ 1D NO:63)

28518 /SBiosg/cgcgacgeaccacogegetagaaatgezcc{SEQID NO70)

28518 /SBiosg/accticecegecgggecticccageegtec{SEQ iD NO:71)

2820 /5Biosg /CGGRGGAGRAGGAGGACGGACGRACGGACGISEQ ID ND:72)
28521 /5Binsg/CEGCCCTCCCGAGGGAGGACGCEGHGCIGGG{SEQ ID NO:73)
28522 /5Biosg/ctegggeggggtitcggieccgoeegecgec{SEQ 1D NO:74)

28523 /SBlosg/ceaggalicggegagtactactgocgrere{SEQ 1D NG5}

28s24 /5Biosg/GACAGCGCGGCGACGEATCTCGCTCCCTCG(SEQ 1D NO:76)
28525 /5Biosg/acceccctegeggegratteccocgeeggegi{SEQ ID NO:77)

28526 /5Biosg/ecccoccacgaggagacgacgecgegecce{SEQ 1D NO: 78]

28527 /5Biosg/gesetegeagagegateprgecgtgegags{SEQ 1D NO79)

28528 /5Biosg/CCGCGLGCGGCACCCCCCCCGTCGLCGGGG{SEQ ID NO:BO}
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FIG. 7 (cont'd)

28529 /SBiosg/gegeactggegacagtccgeccegeecccc{SEQ 1D NO:B1}

28530 /SBiosg/agagaacciccccegggcccgacggegega{SEQ iD NO:82)

28531 /oBiosg/tocgengtoccectcticgggagacgcgcg{5E0 1D NC:83)

28537 /5Biosg/pgeegteggcggepacgiogectacccacce{SEQ D NO:84}

28533 /5Biosg/gcacgtattagactectiggtocgtgitte(SEQ 1D NO:8S)

28534 /SBiosg/catigegecacpgepgetticgigegagec{SEQ D NO:86)

28535 /SBiosg/ggateccaccteggecggegagegegeegg{SEQ 1D NO:87}

28536 /8Biosg/GTGETGCGCCLTCGGOGRACTGRAGAGGCC{SEQR 1D NO:RE)
28537 /5Biosg/cgrgegetiegtpctecacoiceacggcgeg{SEQ D NO:RY)

28538 /5Biosg/cectgeccaggeatagticaceatetticg(SEQ 1D NOC:S0)

28539 /SBiosg/gpaccgetacggacctecaccagagtiicc{SEQ 1D NO:91)

28540 /SBiosg/tegeeoctatacceaggteggacgaccgat{SEQ 1D NO:S2}

28541 /SBiosg/cticggaggranccagetaciagatgettc{SEQ 1D NO:93)

28542 /5Biosg/patagetgeegetctcgeagacocgacgca{SEQ 1D MD:94)

28543 /5Biosg/ctaatcaticgetttaccggataaaactge(SEQ 1D NOG:95)

28544 /5Biosg/gecganacgatcicaacctaticicaaact{SEQ ID NOC:96}

28545 /SBiosg/ceggctecacgacagogagccgegcticti{SEQ iD NO:97)

28546 /SBiosg/gcttaccaaaagtggeccactaggeacteg{SEQ ID NO:98}

28547 /5Biosg/ectiaaccegeegttcggttcateccgeag(SEQ 1D NO:99)

28548 /5Biosg/aacacctittctggggteigatgagegtcg{SEQ 1D NG:100)

28549 /5Biosg/tcegacticeatggeeacegtectgetgte{SEQ 1D NQ:101)

28550 /5Biosg/ttgaticgecaggtzagtigttacacacic{SEQID NOG:102)

28s51 /5Biosg/CGACGCTCCAGCGCCATCCATTTTCAGGGL{SEQ ID NO:103)
28s52 /SBiosg/gccgetecegtecacteicgactgecgace{SEQ ID NO:104)

28553 /5Biosgftcegacgeacaccacacgegegegegcges{SEQ 1D NO:105)

28554 /5Biosg/gasggaccecacacceccgecgeegecgeciSEQ ID NO:L108)

28555 /5Biosg/AGGAGGGGAGGAGGCGTGGGGGHEEEEGEGCG(SEQ 1D NO:107)
28556 /SBiosg/cgtagegtecgeggagetecgegggaceges(SEQ 1D NG:108)

28557 /SBiosg/acttcaagacteaceacageggacctecta(SEQ 1D NO:109)

28558 /5Biosg/CCTGCGECGECTCCACCCGLECCOGCGCOC{SER D NOH 11D
23559 /SBiosg/cticaaagtictegtitgaatatitgetac{SEQ 1D NO:111)

28560 /5Biosp/gttcaactgetgttcacatggaacccttct(SEQ 1D NO:112)

28s61 /SBiosg/ggaacgecgctegeccatetetcaggaceg{SEQ D NG:113)

28562 /SBiosg/cpatepgecgaggpcaacggaggecatege(SEQID NO:114}

28563 /S5Binsg/cegocactocpgaticggegatctgaacec{SEQ 1D MO 115}

28364 /5Binsg/GTTACCGCACTGGACCCCTCGCGGLGUCCASEQID NO:116}
28565 /5Biosg/TCTCCCOGEGRCTCCCGOCEECTTCTCOGGISEG 1D NO:417)
28566 /5Biosg/CCATTCCAGGGCGCCCTGCCCTTCACAAAGISEQ 1D NO:118)
28s67 /SBiosg/ggaaccgegacgctttecaaggeacgggcc{SEQ 1D NO:118)

28563 /oBiosg/TCTCCCCCGGATTTTCAAGGGCCAGCGAGASEQ 1D ND:120)
28569 /5Biosg/atatgagtacggeccggeacgagatttaca{SEQID NO:121)

28570 /5Biosg/caacatgecagagactgticacctiggaga(SEQ 1D NO:122}

28571 /SBiosg/tacggatecgactigeosacticnetiace{SEQ 1D NO: 123)
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FIG. 7 {cont'd)

28572 /5Biosg/cgaccgacccageccttagagocaatoott{3EQ 1D NO:124)

28573 /5Biosg/CGCCTCGTCCAGCCGCGGLGLGLGLCCAGT{SEQ (D NO:125)
28574 /5Biosg/egpgatecceeggoegtpgpgpapcpece{SEQ 1D NO:126)

28575 /5Biosg/GCELEGLEETEEOGCEGLGEAGHGCCGCEAG{SEQ ID N(:127)
28576 [SBiosg/eepgagagagagagagagageerecgegeciSEQ 1D NO:128)

28577 /5Biosg/cacgrggegeteccccgggragggsgrapgglSEQ D NO:129)

28578 /5Biosg/gecectgecgeceegaccettctecceecg{SEQ D NO1130)

28579 /5Biosg/egecggeoceecggetgecggeecccect{SEQ 1D NO:131)

28580 /5Bi0sg/AAGGGCCCGGCTCGCGTCCAGAGTCGCCGOSEQ 1D NO:132)
28581 /5Biosg/CCCGGLTCCCCGGGGGECGGLCGLGACGCCCSEQID NO:133)
28582 /5Biosg/GACGAGACGTGGGGTGGGEGEEGGEGCGCG(SEQ ID NO:134)
28583 /58Biosg/CCGCCGCCCGACTEITCCCCGCCCCCAGCGISED 1D NO:135)
2884 /5Biosg/GGGGTAGGGCGGGGGEACGAACCGCLCCGC{SEQ 1D NO:136)
28485 5Binsg/AGGAGGAGGLGGGGAACGGGAGGLGHACGGG{SEQ 1D NO:137)
28386 /5Biosg/GCCGCGCGCCGAGGAGGAGGGGGGAACCGGISEQ 1D NO:138)
28587 /5Biosg/gecgpaccegpegggegegaceggencgeg{SEQ D NO:133)

28588 /5Biosg/cesgocgaggegaggegecgcgeggasceg{SEQ 1D NO:140)

28589 /5Biosg/tteccetggicegeaccagtictaagtegg (SEQ 1D NO:141)

28590 /5Biosg/pcgegecticgegatgettitatittaatta{SEQ 1D NO:142)

28591 /5Biosg/CTGGGCAGAAATCACATCGCGTCAACACCC(SEQ 1D NC:143)
28592 /5Biosg/cgtttaccegegeticattgaattiteticalSEQ 1D NO:144)

28583 /5Biosg/TCGCTACCTTAAGAGAGTCATAGTTACTCC{SEQ 1D NO:145)
28594 /5Biosg/tctegticatecattcatgegegteactaa{SEQ 1D NO:146)

28585 /5Biosg/egctgtpgtttcpctggatagtapgtaggea{SEQ 1D NO:147)

28596 /5Biosg/pgteticittceecgetgaticegecaage{SEQ 1D NO:148)

28597 /5Biosg/atgtetcttcaccgigecagactagagica({SEQ 1D NG:149)

28588 /5Biosg/gegeggacgccgagegocteceacttattct{SEQ 1D NO:150)

28595 /58i0sg/CGGACCLCGCCCCGGGCCCITCGCGGGRAC{SEQ 1D NG 151)
285100 /5Biosg/aanaacgatcagagtagiggtatticaceg{SEQ 1D NO:152)

285101 /5Biosg/GGGCTCGCCCCCCCGCITCACCGGETCAGTISED 1D NO1S3)
285102 /5Biosg/CGCGCGGLCGGGLGLTIGELGCCAGAAGCG(SEQ 1D NO:154)
285103 /5Biosg/aaactccccacciggeactgtecceggage(SEQ 1D NO:155)

28104 /5Biosg/gacacctgeptiaceatitgacaggtgtac{SEQ 1D NQ:156)

285105 /5Biosg/ectecacgggangtitetgtecteectgag{SEQ 1D NG:157)

285106 /5Biosg/teptactgaasateaagatesagegagett{SEG 1D NG:158)

285107 /5Biosg/pgtcagaaggatcgigaggeceegetticalSEQ 1D NG:159)

285108 /5Biosg/tatggtaactitictgacacctectgetta{SEQ 1D NO:160)

285109 /5Biosg/cgtegctatgaacgetigacegecacasgo{SEQ D NO:161)

285110 /5Biosg/caatgataggasgagecgacategaageat(SEQ D NO:162)

285111 /5Biosg/tagtgagtgaacaatccaacgetigatgaa{SEQ 1D NO:163)

285112 /5Biosg/cctgicicacgacgetctaaacccagetcalSEQ 1D NO:164)

285113 /5Biosg/GGCAACAACACATCATCAGTAGGGTAAAAC(SEQ ID NO:165)
285114 /58iosg/caaatgtctgaacetgeggitoctctogta(5EQ 1D NC: 166)
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FIG. 7 (cont'd)
/5Biosg/gtageticgoeccatiggctectcageeaa{SEQ 1D NO:167)
/SBiosg/gattctgactiagaggegttcagtcataat(SEQ 1D NC:168)
/SBinsg/cgaggctcegeggeaatgeegtategitee{SEQ 1D NO:163)
/5Binsg/cegacgegsacagaogegegaccegctate{SEQ 1D NO:170)
/5Biosg/teccgegegegegeggcgegtpgagegese{SECQ D NO:171)
/SBiosgfcaccgpacceeggicoopgegegegpegeg(SEQ D NO172)
/SBiosg/cteeggecgegeeccegittcccaggacgaa{SEQ iD NO:173)
/SBiosg/acgaacgtgeagtgegtgacgggcgagesg{SEQ 1D NO:174)
/5Binsg/paagcaggtegtictacgaatgatitagegc{SEG 1D NO:175)
/5Biosg/agcgagggagetigatctgctacgtacgaaa(SEQ 1D NO:176)
/SBiosg/gacaaaccottgigicgagggctgacttic{SEQ 1D NG:177)

US 9,428,794 B2
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1
METHODS OF DEPLETING A TARGET
NUCLEIC ACID IN A SAMPLE AND KITS
FOR PRACTICING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. §119 (e), this application claims
priority to the filing date of the U.S. Provisional Patent
Application Ser. No. 61/700,727, filed Sep. 13, 2012; the
disclosure of which is herein incorporated by reference.

INTRODUCTION

Applications in biomedical research often involve the
analysis of specific subsets of nucleic acids present in a
complex mixture of other sequences—for example, analysis
of gene expression by array hybridization, gPCR or mas-
sively parallel sequencing. If the target sequences are
known, PCR with specific primer sequences can be used to
amplify the desired sequences out of the mixture. In some
cases, however, it may be desired to analyze multiple
different sequences, perhaps where sequence information is
not fully known. Messenger RNAs in eukaryotic systems,
for example, may be collectively amplified and analyzed
using an oligo-dT primer to initiate first strand cDNA
synthesis by priming on the poly A tail, thereby reducing or
avoiding contamination by unwanted nucleic acids—such as
ribosomal RNAs, mitochondrial RNAs and genomic DNA.
A requirement for this approach, however, is that the RNA
is intact and not degraded, e.g., the poly A tails are not lost
or disconnected from the body of the RNA message. Unfor-
tunately, many otherwise useful and interesting biological
specimens—such as biopsied material retained as formalin-
fixed and paraffin embedded tissue samples (FFPE samples)
often suffer from such degradation making oligo-dT priming
impractical for such samples. Further, many interesting
RNA sequences do not have poly A tails—e.g., non-coding
RNAs and non-eukaryotic RNAs. In such cases, random
priming can be used to generally amplify all nucleotide
species in the sample. However, random priming will also
result in the amplification of potentially unwanted
sequences—such as genomic DNA or ribosomal RNA.

SUMMARY

Provided are methods of depleting a target nucleic acid in
a sample. The methods include contacting a target nucleic
acid with two or more polymers that specifically hybridize
to the target nucleic acid, and cleaving the hybridized
regions of the target nucleic acid to deplete the target nucleic
acid in the sample. Kits for practicing the subject methods
are also provided.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 schematically illustrates a method according to one
embodiment of the invention.

FIG. 2 shows the graphical results from an experiment in
which a targeting primer and RNase H treatment selectively
depleted the target RN A and Exonuclease treatment depleted
the targeting primer, according to any embodiment of the
invention.

FIG. 3 shows the graphical results from an experiment in
which a targeting primer and RNase H treatment selectively
depleted the target RNA, according to any embodiment of
the invention.
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FIG. 4 shows the graphical results from an experiment
demonstrating that a targeting primer is capable of selec-
tively depleting 5S transcripts at a range of concentrations,
when employed in methods according to an embodiment of
the invention.

FIG. 5 shows the graphical results from an experiment
demonstrating that the targeting primer is capable of selec-
tively depleting 5S transcripts at a range of total RNA
amounts, when employed in methods according to an
embodiment of the invention.

FIG. 6 shows the graphical results from an experiment
demonstrating that both SPRI and Streptavidin (SA) beads
decrease the concentration of biotinylated targeting primer,
when employed in methods according to an embodiment of
the invention.

FIG. 7 provides a list of primers used in this experiment.

DETAILED DESCRIPTION

Provided are methods of depleting a target nucleic acid in
a sample. The methods include contacting a target nucleic
acid with two or more polymers that specifically hybridize
to the target nucleic acid, and cleaving the hybridized
regions of the target nucleic acid to deplete the target nucleic
acid in the sample. Kits for practicing the subject methods
are also provided.

Before the methods and kits of the present disclosure are
described in greater detail, it is to be understood that the
methods and kits are not limited to particular embodiments
described, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the methods
and kits will be limited only by the appended claims.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range, is encompassed
within the methods and kits. The upper and lower limits of
these smaller ranges may independently be included in the
smaller ranges and are also encompassed within the methods
and kits, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the methods and kits.

Certain ranges are presented herein with numerical values
being preceded by the term “about.” The term “about™ is
used herein to provide literal support for the exact number
that it precedes, as well as a number that is near to or
approximately the number that the term precedes. In deter-
mining whether a number is near to or approximately a
specifically recited number, the near or approximating unre-
cited number may be a number which, in the context in
which it is presented, provides the substantial equivalent of
the specifically recited number.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
methods belong. Although any methods and kits similar or
equivalent to those described herein can also be used in the
practice or testing of the methods, representative illustrative
methods and materials are now described.

All publications and patents cited in this specification are
herein incorporated by reference as if each individual pub-
lication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
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herein by reference to disclose and describe the methods,
kits and/or materials in connection with which the publica-
tions are cited. The citation of any publication is for its
disclosure prior to the filing date and should not be construed
as an admission that the present methods and kits are not
entitled to antedate such publication by virtue of prior
invention. Further, the dates of publication provided may be
different from the actual publication dates which may need
to be independently confirmed.

It is noted that, as used herein and in the appended claims,
the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. It is
further noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.

It is appreciated that certain features of the methods and
kits, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
methods and kits, which are, for brevity, described in the
context of a single embodiment, may also be provided
separately or in any suitable sub-combination. All combi-
nations of the embodiments are specifically embraced by the
present invention and are disclosed herein just as if each and
every combination was individually and explicitly disclosed,
to the extent that such combinations embrace operable
processes and/or devices/systems/kits. In addition, all sub-
combinations listed in the embodiments describing such
variables are also specifically embraced by the present
methods and kits and are disclosed herein just as if each and
every such sub-combination was individually and explicitly
disclosed herein.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
methods and kits. Any recited method can be carried out in
the order of events recited or in any other order which is
logically possible.

In further describing embodiments of the invention,
aspects of embodiments of the subject methods will be
described first in greater detail. Thereafter, aspects of
embodiments of the kits for practicing the subject methods
are described in greater detail.

Methods

Embodiments of the present disclosure relate to methods
of depleting a target nucleic acid in a sample. The methods
include contacting a target nucleic acid with two or more
polymers, where each of the two or more polymers specifi-
cally hybridizes to distinct regions of the target nucleic acid
to generate hybridized regions of the target nucleic acid. The
methods further include cleaving the hybridized regions to
deplete the target nucleic acid in the sample.

By “depleting a target nucleic acid,” it is meant reducing
the percentage of a type of undesired nucleic acid (e.g.,
ribosomal RNA (rRNA) or one or more particular sub-types
thereof) in a sample with respect to the total nucleic acid in
the sample. In certain aspects of the present disclosure, after
depletion of the target nucleic acid, the percent remaining of
the target nucleic acid as compared to the initial amount of
target nucleic acid in the sample is 20%, 19%, 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1%, or less, including 0.5%, 0.1%, 0.01%
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or less. By depleting a target nucleic acid in a sample, a
desired type of nucleic acid (e.g., messenger RNA (mRNA),
micro RNA (miRNA), and/or any other desired type of
nucleic acid) may be enriched. According to certain embodi-
ments, in a sample in which the target nucleic acid has been
depleted, a desired type of nucleic acid is enriched such that
the amount of the desired type of nucleic acid relative to the
total nucleic acid in the samples increases by 5% or more,
such as 10% or more, 25% or more, 30% or more, 40% or
more, 50% or more, 60% or more, 70% or more, including
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
and 99.5% or more.

The target nucleic acid is a polymer of any length com-
posed of nucleotides, e.g., ribonucleotides or deoxyribo-
nucleotides, e.g., 10 bases or longer, 20 bases or longer, 50
bases or longer, 100 bases or longer, 500 bases or longer,
1000 bases or longer 2000 bases or longer, 3000 bases or
longer, 4000 bases or longer, 5000 bases or longer 10,000
bases or longer, 50,000 or longer or more bases.

The nucleic acid targeted for depletion can be any target
nucleic acid selected by a practitioner of the subject meth-
ods. According to one embodiment, the target nucleic acid is
a ribonucleic acid (RNA). The RNA targeted for depletion
may be any type of RNA (or sub-type thereof) including, but
not limited to, a ribosomal RNA (rRNA), a microRNA
(miRNA), a messenger RNA (mRNA), transfer RNA
(tRNA), a small nucleolar RNA (snoRNA), a small nuclear
RNA (snRNA), a long non-coding RNA (IncRNA), a non-
coding RNA (ncRNA), a small interfering RNA (siRNA), a
transacting small interfering RNA (ta-sRNA), a natural
small interfering RNA (nat-siRNA), a transfer-messenger
RNA (tmRNA), a precursor messenger RNA (pre-mRNA),
a small Cajal body-specific RNA (scaRNA), a piwi-inter-
acting RNA (piRNA), an endoribonuclease-prepared sRNA
(esiRNA), a small temporal RNA (stRNA), a signal recog-
nition RNA, a telomere RNA, a ribozyme, and any combi-
nation of RNA types thereof or subtypes thereof. When the
target nucleic acid is a RNA, the methods may include
depleting all types of RNA in the sample (e.g., ribosomal
RNA, transfer RNA, microRNA, and the like), or one or
more particular types of RNA. In certain aspects, the target
nucleic acid is ribosomal RNA (rRNA). The rRNA may be
a eukaryotic 28S, 268, 25S, 18S, 5.8S, 5S rRNA, or any
combination thereof. In other aspects, the rRNA may be a
prokaryotic 23S, 16S, 5S rRNA, or any combination thereof.
The subject methods find use in depleting RNAs other than
ribosomal RNAs. For example, the target nucleic acid may
be a messenger RNA (mRNA), e.g., a highly expressed but
clinically irrelevant mRNA from a pool of total RNA or
mRNA (e.g., a globulin mRNA in a sample of total or
polyA* blood RNA). Other types of RNA may be targeted
for depletion, including a precursor messenger RNA (pre-
mRNA), a micro RNA (miRNA), a transfer RNA (tRNA), a
mitochondrial RNA (mtRNA), and any combination thereof.
The target RNA may be a RNA from a particular organism,
such as bacterial RNA or yeast RNA.

According to certain embodiments, the target nucleic acid
is a DNA, e.g., intronic or inter-geneic DNA to enrich a
sample for exonic DNA. DNA-based plasmids/vectors such
as those used for in vitro transcription may be targeted for
depletion, e.g., to enrich a nucleic acid sample for newly
transcribed RNA.

The term “sample”, as used herein, relates to a material or
mixture of materials, typically, although not necessarily, in
liquid form, containing a mixture of desired and undesired
nucleic acids. A sample may be derived from any source of



US 9,428,794 B2

5

interest. For example, the sample may be a mixture of
undesired and desired nucleic acids isolated from a biologi-
cal sample such as a single cell, a plurality of cells, organ-
elle, a tissue, an organ, or an organism(s) (e.g., bacteria,
yeast, or the like). Approaches, reagents and kits for isolat-
ing DNA or RNA from such sources are known in the art.
For example, kits for isolating total RNA from cells or
tissues of interest—such as the NucleoSpin® RNA kits by
Clontech Laboratories, Inc. (Mountain View, Calif.)—are
commercially available. In certain aspects, the sample is a
mixture of undesired and desired nucleic acids isolated from
a fixed biological sample, e.g., formalin-fixed, paraffin-
embedded (FFPE) tissue. Total RNA from FFPE tissue may
be isolated using commercially available kits—such as the
NucleoSpin® FFPE RNA kits by Clontech Laboratories,
Inc. (Mountain View, Calif.). Kits for isolating polyA*
mRNA from total RNA or directly from cells or tissue—
such as the NucleoTrap® mRNA kits by Clontech Labora-
tories, Inc. (Mountain View, Calif.)—are commercially
available. Small RNAs such as miRNAs, siRNAs, shRNAs
and snRNAs may be isolated from cells, tissues or plasma
using commercially available kits—such as the Nucleo-
Spin® miRNA kits by Clontech Laboratories, Inc. (Moun-
tain View, Calif).

As set forth above, the subject methods include contacting
the target nucleic acid with two or more polymers. The two
or more polymers can be any polymer suitable for facilitat-
ing the cleavage of the target nucleic acid. Suitable polymers
include, but are not limited to, nucleic acids (e.g., DNA
and/or RNA of any length), proteins, and any modified
variants thereof. According to certain embodiments, the two
or more polymers are two or more nucleic acids. For
example, the two or more polymers may be two or more
DNA molecules, two or more RNA molecules, or two or
more nucleic acids that include at least one DNA and at least
one RNA. In certain aspects, the two or more polymers are
independently selected from a DNA (e.g., a DNA oligo-
nucleotide), an RNA (e.g., an RNA oligonucleotide), a
locked nucleic acid (LNA), a peptide nucleic acid (PNA), a
xeno nucleic acid (XNA), and any combination thereof.

In certain aspects, the two or more polymers are labeled.
The label may be any label chosen by a practitioner of the
subject methods. Labels that find use in the subject methods
include, but are not limited to, biotin, streptavidin, avidin, a
fluorescent dye, a chromophores (e.g., a donor chromophore
or acceptor chromophore capable of participating in fluo-
rescence resonance energy transfer (FRET), and/or the like).
In certain aspects, the two or more polymers are nucleic acid
polymers that are incapable of serving as primers in nucleic
acid extension reactions. For example, the nucleic acid
polymers may have an amino group at their 3' ends to
preclude priming of a nucleic acid synthesis reaction from
the polymers.

According to certain embodiments, the two or more
polymers are two or more oligonucleotides. By “oligonucle-
otide” is meant a single-stranded multimer of nucleotides
from 2 to 500 nucleotides, e.g., 2 to 200 nucleotides.
Oligonucleotides may be synthetic or may be made enzy-
matically, and, in some embodiments, are under 10 to 50
nucleotides in length. Oligonucleotides may contain ribo-
nucleotide monomers (i.e., may be oligoribonucleotides or
“RNA oligonucleotides”™) or deoxyribonucleotide monomers
(i.e., may be oligodeoxyribonucleotides or “DNA oligo-
nucleotides™). Oligonucleotides may be 10 to 20, 11 to 30,
31 to 40, 41 to 50, 51-60, 61 to 70, 71 to 80, 80 to 100, 100
to 150 or 150 to 200, up to 500 or more nucleotides in length,
for example.
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Each of the two or more polymers is provided in the
sample at any final concentration suitable for the desired
extent of target nucleic acid depletion. For example, the final
quantity concentration of each polymer may independently
be, in certain instances, from 100 nM to 10 uM, such as 250
nM to 5 uM, including 500 nM to 2.5 uM.

Each of the two or more polymers may specifically
hybridizes to distinct regions of the target nucleic acid. By
“specifically hybridizes” is meant the ability of a polymer
(e.g., an oligonucleotide) to hybridize to a region of the
target nucleic acid. In some instances, the polymer hybrid-
izes, if at all, to non-target nucleic acids only partially or
weakly and in some instances the targeting nucleic acid does
not hybridize to any nucleic acid other than to the target
nucleic acid. Whether a polymer specifically hybridizes to a
target nucleic acid is determined by such factors as the
degree of complementarity between the polymer and the
target nucleic acid and the temperature at which the hybrid-
ization occurs, which may be informed by the melting
temperature (T,,) of the polymer. The melting temperature
refers to the temperature at which half of the polymer-target
nucleic acid duplexes remain hybridized and half of the
duplexes dissociate into single strands. The T,, of a duplex
may be experimentally determined or predicted using the
following formula T,=81.5+16.6(log,,[Na*])+0.41 (frac-
tion G+C)—(60/N), where N is the chain length and [Na*] is
less than 1 M. See Sambrook and Russell (2001; Molecular
Cloning: A Laboratory Manual, 3’ ed., Cold Spring Harbor
Press, Cold Spring Harbor N.Y., Ch. 10). Other more
advanced models that depend on various parameters may
also be used to predict T,, of polymer duplexes may also be
used depending on various hybridization conditions.
Approaches for achieving specific nucleic acid hybridization
may be found in, e.g., Tijssen, Laboratory Techniques in
Biochemistry and Molecular Biology-Hybridization with
Nucleic Acid Probes, part I, chapter 2, “Overview of prin-
ciples of hybridization and the strategy of nucleic acid probe
assays,” Elsevier (1993).

The term “complementary” as used herein refers to a
polymer sequence (e.g., a nucleic acid polymer sequence)
that base-pairs by non-covalent bonds to a target nucleic
acid. In the canonical Watson-Crick base pairing, adenine
(A) forms a base pair with thymine (T), as does guanine (G)
with cytosine (C) in DNA. In RNA, thymine is replaced by
uracil (U). As such, A is complementary to T and G is
complementary to C. In RNA, A is complementary to U and
vice versa. Typically, “complementary” refers to a nucleo-
tide sequence that is at least partially complementary. The
term “complementary” may also encompass duplexes that
are fully complementary such that every nucleotide in one
strand is complementary to every nucleotide in the other
strand in corresponding positions. In certain cases, a nucleo-
tide sequence may be partially complementary to a target, in
which not all nucleotide is complementary to every nucleo-
tide in the target nucleic acid in all the corresponding
positions. For example, the polymer may be perfectly (i.e.,
100%) complementary to the target nucleic acid, or the
polymer and the target nucleic acid may share some degree
of complementarity which is less than perfect (e.g., 70%,
75%, 85%, 90%, 95%, 99%). The percent identity of two
nucleotide sequences can be determined by aligning the
sequences for optimal comparison purposes (e.g., gaps can
be introduced in the sequence of a first sequence for optimal
alignment). The nucleotides at corresponding positions are
then compared, and the percent identity between the two
sequences is a function of the number of identical positions
shared by the sequences (i.e., % identity=# of identical
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positions/total # of positionsx100). When a position in one
sequence is occupied by the same nucleotide as the corre-
sponding position in the other sequence, then the molecules
are identical at that position. A non-limiting example of such
a mathematical algorithm is described in Karlin et al., Proc.
Natl. Acad. Sci. USA 90:5873-5877 (1993). Such an algo-
rithm is incorporated into the NBLAST and XBLAST
programs (version 2.0) as described in Altschul et al.,
Nucleic Acids Res. 25:389-3402 (1997). When utilizing
BLAST and Gapped BLAST programs, the default param-
eters of the respective programs (e.g., NBLAST) can be
used. In one aspect, parameters for sequence comparison can
be set at score=100, wordlength=12, or can be varied (e.g.,
wordlength=5 or wordlength=20).

Generating polymers for practicing the subject methods
may include identifying unique regions of the target nucleic
acid and synthesizing nucleic acid polymers (e.g., two or
more oligonucleotides) that are complementary (e.g., per-
fectly complementary) to the unique regions. By “unique
region” is meant a nucleic acid sequence within the target
nucleic acid that is not present in any other nucleic acids in
the sample of interest. In certain aspects, the unique regions
are regions in a ribosomal RNA (e.g., a eukaryotic 28S, 268,
258, 188, 5.8S, or 58 rRNA). Sequence analysis (e.g., a
BLAST search) may be performed to determine which
regions of a target nucleic acid are unique with respect to the
sample of interest. Once the unique regions are identified,
nucleic acid polymers of sufficient complementarity, length
and/or G:C content may be synthesized such that the poly-
mers specifically hybridize to the unique regions.

The hybridization step can be carried out at any suitable
temperature and may be selected depending on, e.g., the
minimum temperature required for specific hybridization.
Suitable hybridization temperatures may range from 35° C.
to 45° C., from 45° C. to 50° C., from 50° C. to 60° C., or
from 60° C. to 65° C. Also of interest are lower hybridization
temperatures, e.g., where the temperature of the solution is
rapidly decreased, e.g., to 30° C. or less, such as 25° C. or
less, 20° C. or less, 15° C., 10° C. or less, 5° C. or less, e.g.,
where the solution is heated and then placed on ice. The
temperature of the hybridization step may be the same or
different as compared to the temperature of the cleaving
step. For example, in certain aspects, the hybridized regions
are cleaved enzymatically, and specific hybridization of the
oligonucleotides to the target nucleic acid occurs at a tem-
perature at which the enzyme is active and capable of
cleaving the hybridized regions (e.g., 37° C., 42° C.,72° C.,
or the like).

By “two or more polymers” is meant any number of
polymers (e.g., nucleic acid polymers) greater than one
polymer. In certain aspects, the target nucleic acid is con-
tacted with 2, 3, 4, 5, 6,7, 8, 9, 10, 15, 20, 30, 40, 50, 100,
500, or 1000 or more polymers. One practicing the subject
methods may select the number of polymers based on the
size and number of different target nucleic acids to be
depleted (if one desires to deplete more than one target
nucleic acid in the sample) and the desired extent of target
nucleic acid cleavage—where the number of polymers that
hybridize to distinct regions of the target nucleic acid may
be increased to increase the extent of cleavage. The poly-
mers may specifically hybridize to one particular target
nucleic acid (e.g., a eukaryotic 28S, 18S, 5.8S, or 5S
ribosomal RNA), or two or more different target nucleic
acids (e.g., any combination of two or more eukaryotic
ribosomal RNAs selected from 28S, 18S, 5.8S, and 58S
ribosomal RNA). For example, the subject methods can be
used to concurrently deplete the 28S and 18S populations of
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eukaryotic rRNAs in a sample using a polymer cocktail that
includes two or more nucleic acid polymers that specifically
hybridize to 28S rRNAs and two or more nucleic acid
polymers that specifically hybridize to 18S rRNAs.

In certain embodiments, the target nucleic acid is dena-
tured prior to hybridization of the two or more polymers to
the target nucleic acid. The denaturation step may be useful
for removing any secondary structure in a target RNA or for
separating the two strands of a double-stranded target DNA,
thereby ensuring the availability of the distinct regions of the
target nucleic for hybridization to the polymers. When the
method includes a denaturation step, the denaturation may
be performed at a temperature and for a duration suitable to
denature the target nucleic acid. The denaturation tempera-
ture, for example, may be selected according to the length of
the target nucleic acid, the GC content of the target nucleic
acid (or relevant sub-region thereof), and/or the like. In
certain aspects, the methods include denaturing the target
nucleic acid at a temperature of from 50° C. to 98° C., from
55° C. to 95° C., from 60° C. to 90° C., or from 70° C. to
80° C., for example. Denaturing, when employed, may also
be accomplished by other protocols, e.g., chemical treat-
ment, such as treatment with NaOH.

Upon specific hybridization of the two or more polymers
to the distinct regions of the target nucleic acid, the subject
methods include cleaving the hybridized regions of the
target nucleic acid to deplete the target nucleic acid in the
sample. In certain aspects, the cleaving is performed by
contacting the hybridized regions with an enzyme.
Approaches for enzymatic cleavage of the hybridized
regions of the target nucleic acid may depend on the nature
of'the hybridized region. In certain aspects, the target nucleic
acid is an RNA (e.g., aribosomal RNA), and the two or more
polymers are two or more DNAs (e.g., two or more DNA
oligonucleotides). In this example, the hybridized regions
constitute DNA/RNA duplexes at the distinct regions of the
target RNA, and the cleaving may be carried out by con-
tacting the DNA/RNA duplexes with a ribonuclease that
specifically cleaves RNA present in a DNA/RNA duplex,
such as RNase H. In other aspects, the target nucleic acid is
a DNA, and the two or more polymers are two or more
RNAs (e.g., two or more RNA oligonucleotides). Here, the
hybridized regions constitute DNA/RNA duplexes at the
distinct regions of the target DNA, and the cleaving may be
carried out by contacting the DNA/RNA duplexes with an
enzyme that specifically cleaves DNA present in a DNA/
RNA duplex. In other aspects, the target nucleic acid is an
RNA and the two or more polymers are RNA polymers. In
this aspect, the target RNA of the resulting RNA/RNA
duplex may be cleaved using an enzyme that specifically
cleaves an RNA in an RNA/RNA duplex, such as RNase V1.

Enzymes that find use in practicing the subject methods
are commercially available and include, but are not limited
to: RNAse H, RNase V, duplex-specific nuclease (DSN),
lambda exonuclease, T7 exonuclease, exonuclease III,
Recl; exonuclease I, exonuclease T, exonuclease V, BAL-31
nuclease, mung bean nuclease, DNase I, micrococcal nucle-
ase, T7 endonuclease I, TS exonuclease, and any combina-
tion thereof. Information regarding nucleases and their sub-
strates is found, e.g., in Mishra et al. (Nucleases: Molecular
Biology and Applications (ISBN: 978-0-471-39461-7), the
disclosure of which is incorporated herein in its entirety for
all purposes. Additional nucleases of interest include, but are
not limited to: RNase V1 (e.g., for cleavingdsRNA), oligo-
ribonucleases, (e.g., for cleaving oligonucleotides), exori-
bonuclease II (e.g., for cleaving mature miRNAs), etc.
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The cleaving step may produce a fragmented target
nucleic acid, the fragments of which may be removed from
the sample if desired. In certain embodiments, the number of
the polymers used, the length of the polymers and/or the
locations of the distinct regions of the target nucleic acid to
which the polymers bind are selected such that all or nearly
all of the target nucleic acid fragments are sufficiently small
to be removed by nucleic acid purification steps such as
ethanol or isopropanol precipitation, spin column purifica-
tion (e.g., using NucleoSpin® Clean-Up columns by Clon-
tech Laboratories, Inc. (Mountain View, Calif.)), or the like.

A method according to one embodiment of the present
disclosure is schematically illustrated in FIG. 1. Nucleic acid
polymers 104 and 106 specifically hybridize to distinct
regions of target nucleic acid 102. Upon hybridization of the
polymers to the target nucleic acid, the hybridized regions of
the target nucleic acid are cleaved to deplete the target
nucleic acid in the sample.

Methods of the invention may further include removing
the two or more polymers from the sample. For example, a
strategy for removing target nucleic acid fragments from the
sample (e.g., alcohol precipitation, column purification, or
the like) may also be useful for concurrently removing the
two or more polymers from the sample, where the polymers
are suitable (e.g., sufficiently small) to be removed by the
purification approach employed. Alternatively, or addition-
ally, the polymers may be degraded after the hybridized
regions of the target nucleic acid are cleaved. In certain
aspects, after cleaving the hybridized regions, at least one of
the two or more polymers are contacted with an enzyme. The
enzyme may be an enzyme (e.g., a nuclease) that specifically
cleaves that particular type of polymer (e.g., a DNA, an
RNA, or the like). For example, when the target nucleic acid
is an RNA and two or more DNA polymers are used, the
DNA polymers may be cleaved using a nuclease that spe-
cifically cleaves DNA (and not RNA), such as exonuclease
I, DNase I, a ribozyme, or any combination thereof.

Other approaches for removing the two or more polymers
are possible. According to one embodiment, the polymer is
a nucleic acid polymer that includes one or more nucleotides
that are not normally present in a DNA or RNA molecule,
where the nucleotide not normally present marks the poly-
mer for cleavage when the polymers is contacted with a
particular enzyme. For example, the triphosphate form of
deoxyuridine (dUTP) is present in living organisms as a
metabolic intermediate, but it is rarely incorporated into
DNA. When dUTP is incorporated into DNA, the resulting
deoxyuridine is promptly removed in vivo, e.g. by processes
involving the enzyme uracil-N-glycosylase (UDG). In cer-
tain aspects, the subject methods employ a DNA polymer in
which dUTP is incorporated into the polymer. Following the
target nucleic acid cleavage step of the subject methods, the
uracil-containing polymer may be contacted with UDG,
which cleaves the glycosidic bond between the deoxyribose
of the DNA sugar-phosphate backbone and the uracil base,
effectively degrading the polymer and/or facilitating their
subsequent removal by alcohol precipitation, spin column
purification, or other suitable removal strategies.

Also of interest in certain embodiments is the use of a
physical separation protocol for removing the polymers
from the resultant sample in which the target nucleic acid
has been degraded. Any convenient physical separation
protocol that selectively removes the polymers from the
sample may be employed. An example of a physical sepa-
ration protocol is one that relies of on specific binding of the
polymers to a solid phase, where the solid phase is then
separate from sample, thereby physically separating the
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polymers from the sample. For example, the polymers may
be tagged, e.g., with biotin, an oligonucleotide tag, etc., and
the contacted with a solid phase comprising a specific
binding member for the tag, e.g., avidin where the tag is
biotin, a complementary oligo where the tag is an oligo-
nucleotide, etc. The solid phase may vary, where solid
phases of interest include, but are not limited to: beads,
including magnetic beads, an array, etc.

Turning now to more specific applications of the protocols
described herein, according to one embodiment of the pres-
ent disclosure, a method of depleting ribosomal RNA in a
total RNA sample is provided. The method includes con-
tacting a target rRNA with two or more DNA polymers (e.g.,
two or more DNA oligonucleotides) that specifically hybrid-
ize to distinct regions of the target rRNA to generate
hybridized regions of the target rRNA. In this embodiment,
the DNA polymers are synthesized with dUTP instead of
dTTP, and accordingly, have dUTP incorporated therein.
The method further includes cleaving the hybridized regions
by treatment with RNase H, and subsequently cleaving the
DNA polymers by treatment with uracil-N-glycosylase
(UDG). After cleavage of the target rRNA and DNA poly-
mers, RNAs are optionally synthesized via a polymerase
extension reaction in which random oligonucleotides are
used as primers.

In certain aspects, a method of depleting ribosomal RNA
in a total RNA sample is provided. The method includes
contacting a target rRNA with two or more DNA polymers
(e.g., two or more DNA oligonucleotides) that specifically
hybridize to distinct regions of the target rRNA to generate
hybridized regions of the target rRNA. The method further
includes cleaving the hybridized regions by treatment with
RNase H, and subsequently cleaving the DNA polymers by
treatment with exonuclease 1. After cleavage of the target
rRNA and DNA polymers, RNAs are optionally synthesized
via a polymerase extension reaction in which random oli-
gonucleotides are used as primers.

According to one embodiment, a method of depleting
ribosomal RNA in a total RNA sample is provided. The
method includes contacting a target rRNA with two or more
DNA polymers (e.g., two or more DNA oligonucleotides)
that specifically hybridize to distinct regions of the target
rRNA to generate hybridized regions of the target rRNA.
Reverse transcriptase and dNTPs are then added to the
sample and cDNA synthesis using the DNA polymers as
primers is performed. The cDNA synthesis reaction gener-
ates hybrids between the newly-synthesized cDNA and the
target rRNA. The regions of the target rRNA that are
hybridized to the DNA polymers and newly-synthesized
c¢DNA is then cleaved by treatment with RNase H. The DNA
polymers/cDNA is then cleaved by treatment a suitable
enzyme, e.g., with DNase, Exol, etc. After cleavage of the
target rRNA and DNA polymers/cDNA, RNAs are option-
ally synthesized via a polymerase extension reaction in
which random oligonucleotides are used as primers.

In certain aspects, a method of depleting ribosomal RNA
in a total RNA sample is provided. The method includes
contacting a target rRNA with two or more oligonucleotides
(e.g., DNA oligonucleotides) that specifically hybridize to
distinct regions of the target rRNA to generate hybridized
regions of the target rRNA. The method further includes
cleaving the hybridized regions by treatment with RNase H.
Following RNase H treatment, the oligonucleotides are
separated from the remaining RNA in the sample by one of
two approaches. First, the oligonucleotides may be removed
from the sample by ethanol precipitation, by peg precipita-
tion, by SPRI beads, etc. Alternatively, the remaining RNA
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in the sample may be collected by running the sample
through an RNA binding column. Once the non-cleaved
RNA is separated from the oligonucleotides, RNAs are
optionally synthesized via a polymerase extension reaction
in which random oligonucleotides are used as primers.
Kits

Also provided by the present disclosure are kits useful for
practicing the subject methods. The kits include two or more
polymers, where each of the two or more polymers specifi-
cally hybridize to distinct regions of a target nucleic acid.
The kits further include a nuclease capable of specifically
cleaving the distinct regions of the target nucleic acid when
the two or more polymers are hybridized to the target nucleic
acid. polymers

The two or more polymers included in the kit may be
configured to specifically hybridize (e.g., are complemen-
tary) to distinct regions of a target RNA or a target DNA. In
certain embodiments, the target nucleic acid is an RNA. The
RNA may be a ribosomal RNA, a microRNA, a messenger
RNA, a precursor messenger RNA, a transfer RNA, or a
mitochondrial RNA, and the polymers may be DNA poly-
mers. Such kits may include a nuclease that specifically
cleaves RNA present in a DNA/RNA duplex (e.g., RNase
H), compatible buffers for carrying out the cleavage reac-
tion, and/or the like. In certain aspects, the target nucleic
acid is a ribosomal RNA (e.g., an rRNA selected from a
eukaryotic 288, 268, 258, 188, 5.8S, or 5S rRNA, an rRNA
from prokaryotic sources, etc.), and the kits include two or
more DNA polymers configured to specifically hybridize to
the ribosomal RNA. In other aspects, the target nucleic acid
is an RNA and the two or more polymers are RNA polymers.
A kit according to this embodiment may include an enzyme
that specifically cleaves an RNA present in an RNA/RNA
duplex (e.g., RNase V), compatible buffers for carrying out
the cleavage reaction, and/or the like. In some embodiments,
the target nucleic acid is a DNA, and the kits include two or
more RNA polymers configured to specifically hybridize to
the DNA. Such kits may include a nuclease that specifically
cleaves DNA present in a DNA/RNA duplex, compatible
buffers for carrying out the cleavage reaction, and/or the
like.

The subject kits may include any of the polymers or other
reagents provided above in the description of the subject
methods. Reagents, such as nucleases (e.g., exonuclease I,
DNase I, a ribozyme, etc.), may be included in the subject
kits for removal of the polymers after a cleaving step is
carried out. When the kit includes polymers (e.g., DNA
oligonucleotides) that include dUTP as one or more of its
polymers, the kit may include uracil-N-glycosylase (UDG)
to facilitate cleavage and/or removal of the oligonucleotides
from the sample following cleavage of the target nucleic
acid. The kits may also include reagents for performing
precipitation reactions and/or spin purification columns to
remove fragmented target nucleic acids and/or the two or
more polymers from the sample, e.g., after a cleavage step
is carried out. The subject kits may further include physical
separation components, e.g., solid supports, such as beads or
arrays, etc.

In certain embodiments, the kits include reagents for
isolating a nucleic acid sample from a nucleic acid source.
The reagents may be suitable for isolating nucleic acid
samples from a variety of sources including single cells,
cultured cells, tissues, organs, or organisms. The subject kits
may include reagents for isolating a nucleic acid sample
from a fixed cell, tissue or organ, e.g., formalin-fixed,
paraffin-embedded (FFPE) tissue. Such kits may include one
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or more deparaffinization agents, one or more agents suitable
to de-crosslink nucleic acids, and/or the like.

Components of the subject kits may be present in separate
containers, or multiple components may be present in a
single container. For example, the two or more polymers
may be provided in separate containers, or may be provided
in a single container.

In addition to above-mentioned components, the subject
kit may further include instructions for using the compo-
nents of the kit to practice the subject method. The instruc-
tions for practicing the subject method are generally
recorded on a suitable recording medium. For example, the
instructions may be printed on a substrate, such as paper or
plastic, etc. As such, the instructions may be present in the
kits as a package insert, in the labeling of the container of the
kit or components thereof (i.e., associated with the packag-
ing or subpackaging) etc. In other embodiments, the instruc-
tions are present as an electronic storage data file present on
a suitable computer readable storage medium, e.g. CD-
ROM, diskette, Hard Disk Drive (HDD) etc. In yet other
embodiments, the actual instructions are not present in the
kit, but means for obtaining the instructions from a remote
source, e.g. via the internet, are provided. An example of this
embodiment is a kit that includes a web address where the
instructions can be viewed and/or from which the instruc-
tions can be downloaded. As with the instructions, this
means for obtaining the instructions is recorded on a suitable
substrate.

Utility

The subject methods and kits find use in a variety of
different applications where, e.g., it is desirable to deplete
irrelevant and/or undesired nucleic acids from a nucleic acid
sample. By depleting the irrelevant and/or undesired nucleic
acids, the complexity of the sample is reduced and the
sample is enriched for nucleic acids of interest. Reduced
complexity and enrichment of nucleic acids of interest may
facilitate and/or improve the results of downstream appli-
cations such as nucleic acid amplification, nucleic acid
sequencing, gene expression analysis (e.g., by array hybrid-
ization, quantitative RT-PCR, massively parallel sequenc-
ing, etc.), the preparation of pharmaceutical compositions in
which a therapeutic nucleic acid of interest is to be included,
and any other applications in which reduced sample com-
plexity and enrichment of nucleic acids of interest is ben-
eficial.

As just one example, the subject methods and kits find use
in facilitating gene expression analysis in nucleic acid
samples derived from a nucleic acid source (e.g., a formalin
fixed, paraffin-embedded tissue sample) in which the integ-
rity of nucleic acids of interest (e.g., mRNAs) is often
compromised. For example, the poly-A tails of mRNAs in
formalin fixed, paraffin-embedded tissue samples are often
absent or degraded to an extent that such tails do not support
oligo-dT priming. Accordingly, if the method for enriching
the nucleic acid sample for mRNAs is amplification by
oligo-dT priming, a substantial proportion of the mRNAs
present in the initial sample will not be amplified. The
subject methods constitute an approach for enriching nucleic
acids of interest that are less sensitive to sample degradation,
e.g., because the undesired nucleic acids may be degraded in
a manner that utilizes internal sequences of the undesired
nucleic acids, which are more likely to remain intact in
degraded samples as compared to the poly-A tails of
mRNAs.
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The following examples are offered by way of illustration
and not by way of limitation.

EXPERIMENTAL

1. Experimental Methods:
A. Targeting Primers

60 mer for 5S (with M13R sequence)

(SEQ ID NO: 178)
5'-aagtactaaccaggcccgaccctgettagett
ccgaggtcatagetgtttectgtgtga-3"!

3 x 30 mers for 58

(SEQ ID NO: 179)
5'-aagcctacagcacceggtattcecceccaggegg-3"

(SEQ ID NO: 180)
5'-aagtactaaccaggcccgaccctgettage-3"

(SEQ ID NO: 181)
5'-agacgagatcgggcgcgttcagggtggtat-3"

4 x 20 mer for 5' biotinylated for 58

(SEQ ID NO: 182)
5'-biotin-aagcctacagcaccceggtat-3"'

(SEQ ID NO: 183)
5'-biotin-tctcccatccaagtactaac-3'

(SEQ ID NO: 184)
5'-biotin-cctgcttagctteccgagatc-3"'

(SEQ ID NO: 185)
5'-biotin-gggcgcgttcagggtggtat-3"

4 x 30 mers for 5.8S

(SEQ ID NO: 186)
5'-cacgagccgagtgatccaccgctaagagte-3"

(SEQ ID NO: 187)
5'-tcacattaattctcgcagctagctgegtte-3"

(SEQ ID NO: 188)
5'-aagtgcgttcgaagtgtcgatgatcaatgt-3"

(SEQ ID NO: 189)

5'-gtteccteeccggggctacgectgtetgageg-3"

B. Oligo Annealing

One pg of RNA was mixed with DTT (final concentration
1 mM), SmartScribe Buffer (final concentration 1x), and
primer cocktail (final concentration of primers is 10 uM).
Add water until the volume is 18 pl. Heat solution to 70° C.
for 2 minutes, 37° C. for 2 minutes, 25° C. for 2 minutes,
then place on ice for 2 minutes.
C. RNase H treatment

Dilute Takara RNase H to 0.6 U/ul in water, add 1 ul to
sample, along with 1 pl of RNase Inhibitor (Takara). If this
is the only enzymatic reaction performed, then incubate
solution at 37° C. for 90 minutes. If adding an Exo or
DNasel treatment, only incubate for 1 hour.
D. Exol Treatment

After RNase H treatment, add 1 pl (5 U/ul) of Exol
(Takara) and incubate at 37° C. for 30 minutes.
E. Heat Inactivation

If heat inactivating the RNaseH and Exol enzymes, add
EDTA (final concentration of 5 mM) and incubate at 80° C.
for 20 minutes. Transfer to ice and proceed to reverse
transcriptase reaction.
F. SPRI Bead Purification

Follow the instructions for the Beckman Coulter Agen-
court AMPure XP kit. Elute with 30 ul of water and proceed
to reverse transcriptase reaction.
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G. Streptavid in Purification

Wash 12.5 ul of streptavidin magnetic beads (made at
Clontech, 300 ng streptavidin/pl of beads) with 500 pl or 1
ml of Tris buffer, pH 7.4. Add sample solution to washed
beads and incubate at 4° C. with rotation for 30 minutes.
Remove supernatant (about 25 ul) and proceed to reverse
transcriptase reaction.

H. Reverse Transcriptase Reaction

Take 2-3 ul of sample after heat activation and/or purifi-
cation and perform a reverse transcriptase reaction with
SMARTScribe protocol (Clontech), using a N6 random
primer. Proceed to qPCR reactions.

II. Results

A. A Targeting Primer and RNase H Treatment Selectively
Depleted the Target RNA and Exonuclease Treatment
Depleted the Targeting Primer.

Total mouse RNA was annealed to a single sixty nucleo-
tide primer which hybridized to the middle of the 5S
transcript. The results are shown in FIG. 2. Samples were
either untreated (left), treated with RNase H alone (middle),
or RNase H and Exonuclease I (right). Remaining RNA was
heat inactivated, converted to cDNA with random primers,
and amplified by qPCR with primers specific for the 5S
(blue), Actin (red), or targeting oligo (green). All sample
data are presented as a percentage of the amplification by the
same primers in the untreated sample (left). Actin was
included to represent the effect of the treatment overall
mRNA levels.

B. A Targeting Primer and RNase H Treatment Selectively
Depleted the Target RNA.

Total human universal RNA was annealed to four, thirty
nucleotide primers which hybridized along the length of the
5.8S transcript. The results are shown in FIG. 3. Samples
were either untreated (left) or treated with RNase H (right).
Remaining RNA was purified with SPRI beads, converted to
c¢DNA with random primers, and amplified by qPCR with
primers specific for the HPRT (blue), 5S (red), or 5.8S
(green). All sample data are presented as a percentage of the
amplification by the same primers in the untreated sample
(left). HPRT and 5S were included to represent the speci-
ficity of the targeting primer treatment.

C. The Targeting Primer is Capable of Selectively Depleting
5S Transcripts at a Range of Concentrations.

Total mouse RNA was annealed to four, twenty nucleo-
tide, biotinylated primers which hybridized along the length
of the 5S transcript. The results are shown in FIG. 4.
Samples were either untreated (no primer, left) or treated
with a range of targeting primer concentrations (2.5 puM,
1.25 uM, 1 uM, 0.75 uM, or 0.5 uM). All samples were then
treated with RNase H, and the remaining RNA was sepa-
rated from the biotinylated targeting primers with strepta-
vidin-coated beads, converted to cDNA with random prim-
ers, and amplified by qPCR with primers specific for Actin
(blue) or 5S (red). All sample data are presented as a
percentage of the amplification by the same primers in the
untreated sample (left). Actin was included to represent the
effect of the treatment overall mRNA levels.

D. The Targeting Primer is Capable of Selectively Depleting
5S Transcripts at a Range of Total RNA Amounts.

Total mouse RNA at various amounts (1000 ng, 500 ng,
100 ng, 25 ng, and 1 ng) was annealed to three, thirty
nucleotide primers at a concentration of 2.5 uM each which
hybridized along the length of the 5S transcript. The results
are shown in FIG. 5. All concentrations of RNA had a treated
(with primer) and an untreated sample (without primer). All
samples were treated with RNase H, and the remaining RNA
was purified with SPRI beads, converted to cDNA with
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random primers, and amplified by qPCR with primers spe-
cific for Actin (blue) or 5S (red). All concentrations of RNA
are presented as a percentage of the amplification by the
same primers in the untreated sample (not shown). Actin was
included to represent the effect of the treatment overall 5
mRNA levels.
E. Both SPRI and Streptavidin (SA) Beads Decrease the
Concentration of Biotinylated Targeting Primer.

Anti-biotin antibodies were used to visual biotinylated
primers cross-linked to a membrane. The results are shown
in FIG. 6. A standard curve was created in duplicate (rows
1 and 2) by blotting the equivalent of an entire reaction
(100%, 10 uM primers), 10% of a reaction (1 uM), 5% (500
nM), or 1% (100 nM). Samples from experiments are
presented on the last row. These experiments either had no
primer (far left), 10 uM biotinylated primers (second and
third box), or 600 uM (fourth, fifth, and sixth box). RNA was
separated from the biotinylated primers with either strepta-
vidin (SA) or SPRI beads and subsequently blotted on the
membrane. The fourth box is a 1:30 dilution of an unpurified
reaction. The biotinylated primers employed in this experi-
ment are provided in FIG. 7.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it is readily apparent to those of 25
ordinary skill in the art in light of the teachings of this
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invention that certain changes and modifications may be
made thereto without departing from the spirit or scope of
the appended claims.

Accordingly, the preceding merely illustrates the prin-
ciples of the invention. It will be appreciated that those
skilled in the art will be able to devise various arrangements
which, although not explicitly described or shown herein,
embody the principles of the invention and are included
within its spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended
to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to
furthering the art, and are to be construed as being without
limitation to such specifically recited examples and condi-
tions. Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention as well as spe-
cific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently
known equivalents and equivalents developed in the future,
i.e., any elements developed that perform the same function,
regardless of structure. The scope of the present invention,
therefore, is not intended to be limited to the exemplary
embodiments shown and described herein. Rather, the scope
and spirit of present invention is embodied by the appended
claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 189
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 1

ggtattccca ggeggtetec catccaagta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 2

cacgagecga gtgatccace gctaagagte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 3

tcacattaat tctegecaget agetgegtte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

30

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

30

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

30

OTHER INFORMATION: Synthetic Nucleic Acid Sequence
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-continued

18

<400> SEQUENCE:

4

aagtgcgtte gaagtgtcga tgatcaatgt

<210> SEQ ID NO 5

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

5

Synthetic Nucleic Acid Sequence

gttcecteceyg gggctacgee tgtctgageg

<210> SEQ ID NO 6

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

6

Synthetic Nucleic Acid Sequence

gcatatgcta ctggcaggat caaccaggta

<210> SEQ ID NO 7

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

7

Synthetic Nucleic Acid Sequence

cgtgegtact cagacatgca tggcttaate

<210> SEQ ID NO 8

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

8

Synthetic Nucleic Acid Sequence

aactgattta atgagccatt cgcagtttca

<210> SEQ ID NO 9

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

9

Synthetic Nucleic Acid Sequence

ttatccaagt aggagaggag cgagcgacca

<210> SEQ ID NO 10

<211> LENGTH:

29

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

10

Synthetic Nucleic Acid Sequence

cagcgecegt cggcatgtat tagcetctag

<210> SEQ ID NO 11

<211> LENGTH:

30

30

30

30

30

30

30

29
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-continued

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 11

ttgatctgat aaatgcacge atcccccceg

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 12

geeggggecg gagaggggcet gaccgggttg

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 13

geccgaggtt atctagagtce accaaagecg

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 14

gttcgaatgg gtegtegeeyg ccacggggyy

<210> SEQ ID NO 15

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 15

gtaggcacgg cgactaccat cgaaagttga

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 16

ggaatcgaac cctgattcce cgtcaccegt

<210> SEQ ID NO 17

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 17
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-continued

22

cttecttgga tgtggtagee gtttetcagg

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 18

cctecceggyg tegggagtgg gtaatttgeg

<210> SEQ ID NO 19

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 19

gggcctcegaa agagtcctgt attgttattt

<210> SEQ ID NO 20

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 20

tcctegttaa aggatttaaa gtggactcat

<210> SEQ ID NO 21

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 21

agctggaatt accgeggetg ctggecaccag

<210> SEQ ID NO 22

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 22

tttaactgca gcaactttaa tatacgctat

<210> SEQ ID NO 23

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 23

geggaccgee cgeccegetee caagatccaa
<210> SEQ ID NO 24

<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

30

30

30

30

30

30

30
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-continued

24

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 24

gagaggcaag gggcggggac gggcggtgge

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 25

geccegeggyg acactcaget aagagcatceg

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 26

tgctttgaac actctaattt tttcaaagta

<210> SEQ ID NO 27

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 27

ttccattatt cctagetgeg gtatccagge

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 28

cctecagttee gaaaaccaac aaaatagaac

<210> SEQ ID NO 29

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 29

gegcaatacg aatgeccceg gecgteccte

<210> SEQ ID NO 30

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 30

tggtcegtet tgcegeecggte caagaattte

30

30

30

30

30

30

30
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-continued

<210> SEQ ID NO 31

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 31

taatgaaaac attcttggca aatgctttcg 30

<210> SEQ ID NO 32

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 32

tacgacggta tctgatcgte ttcgaaccte 30

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 33

tacgacggta tctgatcgte ttcgaaccte 30

<210> SEQ ID NO 34

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 34

cgeccgecgca tcgceceggteg gcatcegttta 30

<210> SEQ ID NO 35

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 35

tttgcaacca tactcccecec ggaacccaaa 30

<210> SEQ ID NO 36

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 36

gcteccactee tggtggtgce cttecgtcaa 30

<210> SEQ ID NO 37

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence
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-continued

28

<400> SEQUENCE: 37

cegggtgagg ttteecegtgt tgagtcaaat

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 38

agaaagagct atcaatctgt caatcctgte

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 39

accaactaag aacggccatg caccaccacce

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 40

agtctegtte gttateggaa ttaaccagac

<210> SEQ ID NO 41

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 41

gecgaccget cgggggtcege gtaactagtt

<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 42

gtggctgaac gccacttgte cctctaagaa

<210> SEQ ID NO 43

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 43

catctaaggg catcacagac ctgttattge

<210> SEQ ID NO 44

30

30

30

30

30

30

30



29

US 9,428,794 B2
30

-continued

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 44

cacgctgage cagtcagtgt agegegegtg

<210> SEQ ID NO 45

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 45

gttcaacggg ttacccgcege ctgccggegt

<210> SEQ ID NO 46

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 46

tggggaataa ttgcaatcce cgatccccat

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 47

gcaagcttat gaccecgcact tactgggaat

<210> SEQ ID NO 48

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 48

gcgacgggcg gtgtgtacaa agggcaggga

<210> SEQ ID NO 49

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 49

gecgatcega gggcectcact aaaccatcca

<210> SEQ ID NO 50

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 50
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-continued

32

tctecageget cegecaggge cgtgggecga

<210> SEQ ID NO 51

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 51

ccttgttacyg acttttactt cctctagata

<210> SEQ ID NO 52

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 52

taatgatcct tccgcaggtt cacctacgg

<210> SEQ ID NO 53

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 53

gegggtegee acgtctgate tgaggtegeg

<210> SEQ ID NO 54

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 54

ttagtttectt ctectecget gactaatatg

<210> SEQ ID NO 55

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 55

getettecct gttcactcege cgttactgag

<210> SEQ ID NO 56

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 56
gcgeeceegee geggggeggg gatteggege
<210> SEQ ID NO 57

<211> LENGTH: 30
<212> TYPE: DNA

30

30

29

30

30

30

30
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-continued

34

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 57

cccacgageg gegecgggga gegggtette

<210> SEQ ID NO 58

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 58

cegtecacgyg getgggecte gatcagaagg

<210> SEQ ID NO 59

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 59

ceceggegege cgggggecge taccggecte

<210> SEQ ID NO 60

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 60

cgectttggge tgcattccca agcaacccga

<210> SEQ ID NO 61

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 61

gtctegtgee ggtatttage cttagatgga

<210> SEQ ID NO 62

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 62

tcaactttce cttacggtac ttgttgacta

<210> SEQ ID NO 63

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 63

ctcttaacgyg tttcacgece tettgaacte

30

30

30

30

30

30

30



US 9,428,794 B2
35

-continued

36

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 64

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 64

tgaatcctee gggceggactyg cgeggaccece

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 65

gggcegecga cacggccgga ccecgecgacyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 66

gggcgggtgg aggggtceggg aggaacgggy

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 67

agccegeccee cteeggggag gaggaggagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 68

ceggeoeage ccogoacacee caegeacecge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 69

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 69

cggtegeegy tegggggacyg gtecceegece

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 70

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

30

30

30

30

30

30
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-continued

38

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 70

cgeggegeac cgcecgeggtyg gaaatgegece

<210> SEQ ID NO 71

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 71

acctteceeg cegggectte ccagecgtece

<210> SEQ ID NO 72

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 72

¢gggggagga ggaggacgga cggacggacyg

<210> SEQ ID NO 73

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 73

CgCCCtCCCg agggaggacg cggggccggg

<210> SEQ ID NO 74

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 74

cteggggggy gttteggtee cgecgecgece

<210> SEQ ID NO 75

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 75

ccgggattcg gegagtgetg ctgecggggy

<210> SEQ ID NO 76

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 76

gagagcgegg cgacgggtet cgctcecteg

30

30

30

30

30

30

30
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-continued

<210> SEQ ID NO 77

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 77

accccecteg cgggggatte ccegeggggg

<210> SEQ ID NO 78

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 78

ccececccacg aggagacgece ggegegecece

<210> SEQ ID NO 79

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 79

ggggtgggag agcggtegeg ccgtgggagg

<210> SEQ ID NO 80

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 80

cegegegegyg caccecccee gtegeegggg

<210> SEQ ID NO 81

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 81

gegeactggg gacagtcecge ceogoeecaad

<210> SEQ ID NO 82

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 82

agagaaccte ccccgggece gacggegega

<210> SEQ ID NO 83

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence
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-continued

42

<400> SEQUENCE:

83

tcegeegtee cectettegyg gggacgegeg

<210> SEQ ID NO 84

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

84

Synthetic Nucleic Acid Sequence

ggggteggeyg gegacgtcegg ctacccaccc

<210> SEQ ID NO 85

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

85

Synthetic Nucleic Acid Sequence

gcacgtgtta gactccttgg teccegtgttte

<210> SEQ ID NO 86

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

86

Synthetic Nucleic Acid Sequence

cattgegeca cggeggettt cgtgegagece

<210> SEQ ID NO 87

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

87

Synthetic Nucleic Acid Sequence

ggatcccace tcggecggeyg agcegcegecgyg

<210> SEQ ID NO 88

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

88

Synthetic Nucleic Acid Sequence

gtggtgcgee cteggceggac tggagaggec

<210> SEQ ID NO 89

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

89

Synthetic Nucleic Acid Sequence

cgtgegeteg tgctecacct ceeceggegeg

<210> SEQ ID NO 90

<211> LENGTH:

30

30

30

30

30

30

30

30
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 90

ccctgeccag gcatagttca ccatettteg

<210> SEQ ID NO 91

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 91

ggaccgctac ggacctccac cagagtttee

<210> SEQ ID NO 92

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 92

tcgecectat acccaggteg gacgaccgat

<210> SEQ ID NO 93

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 93

ctteggaggg aaccagctac tagatggtte

<210> SEQ ID NO 94

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 94

gatagctgge gctctegcag acccgacgcea

<210> SEQ ID NO 95

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 95

ctaatcatte gctttacegg ataaaactge

<210> SEQ ID NO 96

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 96
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-continued

46

gccgaaacga tctcaaccta ttctcaaact

<210> SEQ ID NO 97

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 97

ceggetecac gecagegage cgggettett

<210> SEQ ID NO 98

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 98

gettaccaaa agtggcccac taggcacteg

<210> SEQ ID NO 99

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 99

ccttaacceg gegtteggtt catcccgeag

<210> SEQ ID NO 100

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 100

aacacctttt ctggggtetg atgagegteg

<210> SEQ ID NO 101

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 101

tccgacttee atggecacceg tectgetgte

<210> SEQ ID NO 102

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 102

ttgattcgge aggtgagttg ttacacacte
<210> SEQ ID NO 103

<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

30

30

30

30

30

30

30
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-continued

48

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 103

cgacgcteca gegecateca ttttecaggge

<210> SEQ ID NO 104

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 104

gecgeteceg tecacteteg actgceggeyg

<210> SEQ ID NO 105

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 105

tccgacgeac accacacgeg cgegegegeg

<210> SEQ ID NO 106

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 106

gaaggaccce acacccccge cgceegeaegad

<210> SEQ ID NO 107

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 107

aggaggggag gaggcgtggg g9gggggggcy

<210> SEQ ID NO 108

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 108

cgtagcgtce geggggctec gggggcgggy

<210> SEQ ID NO 109

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 109

gettcaagge tcaccgcage ggccctecta

30

30

30

30

30

30

30
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-continued

<210> SEQ ID NO 110

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 110

cctgeggegyg ctecaccegg geccgagece 30

<210> SEQ ID NO 111

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 111

cttcaaagtt ctcgtttgaa tatttgctac 30

<210> SEQ ID NO 112

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 112

gttcaactgc tgttcacatg gaacccttcet 30

<210> SEQ ID NO 113

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 113

ggaacggcege tcegcccatcet ctcaggacceg 30

<210> SEQ ID NO 114

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 114

cgatcggeceg agggcaacgg aggccatcege 30

<210> SEQ ID NO 115

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 115

ccgccactee ggattegggg atctgaacce 30

<210> SEQ ID NO 116

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence
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52

<400> SEQUENCE: 116

gttaccgcac tggacgecte geggegecaca

<210> SEQ ID NO 117

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 117

tctecceggyg geteeegeeg getteteegg

<210> SEQ ID NO 118

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 118

ccattccagg gegeectgee cttcacaaag

<210> SEQ ID NO 119

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 119

ggaaccgcega cgctttecaa ggcacgggec

<210> SEQ ID NO 120

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 120

tctecccegyg attttcaagg gecagegaga

<210> SEQ ID NO 121

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 121

atatgggtac ggcccggege gagatttaca

<210> SEQ ID NO 122

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 122

caacatgcca gaggctgtte accttggaga

<210> SEQ ID NO 123

30

30

30

30

30

30

30



53

US 9,428,794 B2
54

-continued

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 123

tacggatccg gcttgecgac tteccttace

<210> SEQ ID NO 124

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 124

cgaccgaccce agcccttaga gecaatectt

<210> SEQ ID NO 125

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 125

cgectegtee agecgeggeg cgegeccage

<210> SEQ ID NO 126

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 126

gggggtgeec cgggcegtggg 99gggceggcyg

<210> SEQ ID NO 127

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 127

gegeggggtg gggeggggga gggccgegag

<210> SEQ ID NO 128

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 128

dgggagagag agagagagag ggcgegggge

<210> SEQ ID NO 129

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 129
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cacgeggege teeccecegggg aggggggagy

<210> SEQ ID NO 130

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 130

gecectgeeyg ccccgaccct teteccceeyg

<210> SEQ ID NO 131

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 131

cgeeggecce cegggtgece gggecccecect

<210> SEQ ID NO 132

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 132

aagggccegg ctegegteca gagtegecge

<210> SEQ ID NO 133

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 133

cegggetece cgggggegge cgegacgecce

<210> SEQ ID NO 134

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 134

gacgagacgt ggggtggggyg 9gggggcgcyg

<210> SEQ ID NO 135

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 135
cecgecgeceg accgeteccee geccccageg
<210> SEQ ID NO 136

<211> LENGTH: 30
<212> TYPE: DNA

30

30

30

30

30

30

30
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 136

ggggtagggc ggggggacga accgccccge

<210> SEQ ID NO 137

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 137

aggaggaggg gggaacgggg gdgcggacggyg

<210> SEQ ID NO 138

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 138

geegegegcece gaggaggagg ggggaacggg

<210> SEQ ID NO 139

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 139

dgeggaccceg geggggggga ccggeccgceg

<210> SEQ ID NO 140

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 140

ceggecgagyg cgaggegecog cgeggaaceg

<210> SEQ ID NO 141

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 141

ttcceectggt ccgcaccagt tctaagtegg

<210> SEQ ID NO 142

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 142

gegggectte gegatgettt gttttaatta

30

30

30

30

30

30

30
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 143

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 143

ctgggcagaa atcacatege gtcaacacce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 144

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 144

cgtttacceg cgcttecattg aatttettea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 145

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 145

tggctacctt aagagagtca tagttactcce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 146

tctegtteat ccattcatge gegtcactaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 147

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 147

ggctgtggtt tcgctggata gtaggtaggg a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Nucleic Acid Sequence

SEQUENCE: 148

ggtcttettt ccecegetgat tecgccaage

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 149

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

30

30

30

30

31

30
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<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence
<400> SEQUENCE: 149

atgtctectte accgtgecag actagagtca

<210> SEQ ID NO 150

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 150

gggggggege cgggggecte ccacttatte t

<210> SEQ ID NO 151

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 151

cggacceage cccegggeccee tegeggggac

<210> SEQ ID NO 152

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 152

aaaaacgatc agagtagtgg tatttcaceg

<210> SEQ ID NO 153

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 153

gggctegece cccegectea cegggtcagt

<210> SEQ ID NO 154

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 154

cgegeggeceg ggcegettgge gecagaageg

<210> SEQ ID NO 155

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 155

aaactcccca cctggeactg teecceggage

30

31

30

30

30

30

30
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<210> SEQ ID NO 156

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 156

gacacctgeg ttaccgtttg acaggtgtac

<210> SEQ ID NO 157

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 157

getcecacggg aggtttetgt cctecctgag

<210> SEQ ID NO 158

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 158

tcgtactgaa aatcaagatce aagcgagett

<210> SEQ ID NO 159

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 159

ggtcagaagg atcgtgagge cccgctttcea

<210> SEQ ID NO 160

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 160

tgtggtaact tttctgacac ctectgetta

<210> SEQ ID NO 161

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 161

cgtegetatyg aacgettgge cgecacaage

<210> SEQ ID NO 162

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence
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<400> SEQUENCE:

162

caatgatagg aagagccgac atcgaaggat

<210> SEQ ID NO 163

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

163

Synthetic Nucleic Acid Sequence

tagtgggtga acaatccaac gcttggtgaa

<210> SEQ ID NO 164

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

164

Synthetic Nucleic Acid Sequence

cctgtetecac gacggtctaa acccagetca

<210> SEQ ID NO 165

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

165

Synthetic Nucleic Acid Sequence

ggcaacaaca catcatcagt agggtaaaac

<210> SEQ ID NO 166

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

166

Synthetic Nucleic Acid Sequence

caaatgtctyg aacctgeggt tectetegta

<210> SEQ ID NO 167

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

167

Synthetic Nucleic Acid Sequence

gtagcttege cccattgget cctcagecaa

<210> SEQ ID NO 168

<211> LENGTH:

30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

168

Synthetic Nucleic Acid Sequence

gattctgact tagaggcgtt cagtcataat

<210> SEQ ID NO 169

<211> LENGTH:

30

30

30

30

30

30

30

30
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 169

cgaggeteeg cggegetgee gtategttece

<210> SEQ ID NO 170

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 170

ccggcgggga caggcggggg accggctatc

<210> SEQ ID NO 171

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 171

tecegegege geggggcegeg tggagggggy

<210> SEQ ID NO 172

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 172

caccggacce cggtecegge gegeggeggg

<210> SEQ ID NO 173

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 173

ctceggeege geccegttte ccaggacgaa

<210> SEQ ID NO 174

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic

<400> SEQUENCE: 174

acgaacgtge ggtgcgtgac gggcgagggyg

<210> SEQ ID NO 175

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30
Acid Sequence

30

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 175
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gaagcaggtc gtctacgaat ggtttagege

<210> SEQ ID NO 176

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 176

agcgagggag ctgctetget acgtacgaaa

<210> SEQ ID NO 177

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 177

gacaaaccct tgtgtcgagg getgacttte

<210> SEQ ID NO 178

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 178

aagtactaac caggcccgac cctgettage tteegaggte atagetgttt cctgtgtga

<210> SEQ ID NO 179

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 179

aagcctacag cacccggtat tcccaggegg

<210> SEQ ID NO 180

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 180

aagtactaac caggcccgac cctgettage

<210> SEQ ID NO 181

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 181

agacgagatc gggcgegtte agggtggtat

<210> SEQ ID NO 182

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

30

30

30

59

30

30

30
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 182

aagcctacag cacccggtat

<210> SEQ ID NO 183

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 183

tcteccatee aagtactaac

<210> SEQ ID NO 184

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 184

cctgettage ttecgagatce

<210> SEQ ID NO 185

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 185

gggcgcgttc agggtggtat

<210> SEQ ID NO 186

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 186

cacgagccga gtgatccace gctaagagte

<210> SEQ ID NO 187

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 187

tcacattaat tctecgecaget agetgegtte

<210> SEQ ID NO 188

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Nucleic Acid Sequence

<400> SEQUENCE: 188

aagtgcgtte gaagtgtcga tgatcaatgt

20

20

20

20

30

30

30
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 189

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION:
<400>

SEQUENCE: 189

gttcecteceyg gggctacgee tgtctgageg

Synthetic Nucleic Acid Sequence

30

What is claimed is:

1. A method of depleting an undesired target ribosomal
ribonucleic acid (rRNA) in a sample and enriching for a
desired RNA, the method comprising:

obtaining a total RNA sample comprising a desired RNA

and an undesired target rRNA;

contacting the sample with a polymer cocktail comprising

at least two synthetic oligonucleotides selected from
SEQ ID NOs:06-177 that specifically hybridize to
distinct regions of an undesired 18S target rRNA or an
undesired 28S target rRNA in the sample to generate
hybridized regions of the undesired target rRNA that
are separated by a gap;

cleaving the hybridized regions to deplete the undesired

target rRNA in the sample; and

collecting the desired RNA or removing the cleaved

undesired target rRNA to enrich the for the desired
RNA.

2. The method according to claim 1, wherein the total
RNA sample is isolated from a biological sample.

3. The method according to claim 2, wherein the biologi-
cal sample is selected from the group consisting of: a tissue
sample, a cell sample, and a bacterial sample.

4. The method according to claim 3, wherein the biologi-
cal sample is a fixed sample.

5. The method according to claim 1, wherein cleaving the
hybridized regions comprises contacting the hybridized
regions with an enzyme.

6. The method according to claim 5, wherein cleaving the
hybridized regions comprises contacting the hybridized
regions with a ribonuclease.

7. The method according to claim 6, wherein the ribonu-
clease specifically cleaves RNA present in an RNA/DNA
duplex.

8. The method according to claim 6, wherein the ribonu-
clease is RNase H.

9. The method according to claim 1, wherein, after
cleaving the hybridized regions, the method comprises
removing the at least two synthetic oligonucleotides.

10. The method according to claim 9, wherein the at least
two synthetic oligonucleotides are removed by contacting
the at least two synthetic oligonucleotides with an enzyme.

11. The method according to claim 10, wherein the at least
two synthetic oligonucleotides comprise deoxyuridine
triphosphate (dUTP).

12. The method according to claim 11, wherein the
method comprises contacting the at least two synthetic
oligonucleotides with uracil-N-glycosylase (UDG).

13. The method according to claim 9, wherein the at least
two synthetic oligonucleotides are removed by a separation
protocol.

14. The method according to claim 13, wherein the
separation protocol comprises binding the at least two
synthetic oligonucleotides to a solid support.
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15. The method according to claim 1 wherein the unde-
sired target rRNA comprises 5S rRNA, 5.8S rRNA or a
combination thereof, the method further comprises:

contacting the sample with a synthetic oligonucleotide

that specifically hybridizes to distinct regions of an
undesired target 5S rRNA or an undesired target 5.8S
rRNA in the sample to generate hybridized regions of
the undesired target 5SS rRNA or the undesired target
5.8S rRNA; and

cleaving the hybridized regions to deplete the undesired

target 5S rRNA or the undesired target 5.8S rRNA in
the sample.

16. The method according to claim 1, further comprising:

contacting the sample with a synthetic oligonucleotide

that specifically hybridizes to distinct regions of an
undesired target mitochondrial ribonucleic acid
(mtRNA) in the sample to generate hybridized regions
of the undesired target mtRNA; and

cleaving the hybridized regions to deplete the undesired

target mtRNA in the sample.

17. The method according to claim 1 further comprising:

contacting the sample with a synthetic oligonucleotide

that specifically hybridizes to distinct regions of an
undesired target transfer RNA (tRNA) in the sample to
generate hybridized regions of the undesired target
tRNA; and

cleaving the hybridized regions of the undesired target

tRNA to deplete the undesired target tRNA in the
sample.

18. The method according to claim 1, further comprising:

contacting the sample with a synthetic oligonucleotide

that specifically hybridizes to distinct regions of an
undesired target deoxyribonucleic acid (DNA) in the
sample to generate hybridized regions of the undesired
target DNA; and

cleaving the hybridized regions of the undesired target

DNA to deplete the undesired target DNA in the
sample.

19. The method according to claim 18, wherein cleaving
the hybridized regions of the undesired target DNA com-
prises contacting the hybridized regions of the undesired
target DNA with a deoxyribonuclease.

20. The method according to claim 1, wherein the at least
two synthetic oligonucleotides of the polymer cocktail com-
prise sequences that are complementary to unique regions of
eukaryotic 28S or 18S ribosomal RNA.

21. The method according to claim 1, wherein the at least
two synthetic oligonucleotides of the polymer cocktail are
sufficiently small to be removed by a nucleic acid purifica-
tion step.

22. The method according to claim 21, wherein the at least
two synthetic oligonucleotides of the polymer cocktail are
11 to 30 or 31 to 40 nucleotides in length.
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